The influences of thermal radiation and non -uniform heat source/sink in Falkner-Skan flow and heat transfer characteristics of nanofluids have been investigated. Three different types of nanoparticles, namely Copper, Cu, Alumina 2 3
Introduction
Nanofluids have received great attention attributable to their wide applications in engineering and physics, such as solar thermal power plants, solar cells, nuclear systems, drying processes and heat exchangers. Choi (1995) is the first researcher who established fluids containing a suspension of nano-size particles which are termed as the nanofluids. Lee et al. (1999) , confirmed that the nanofluids possess outstanding heat transfer characteristics compared to those of conventional working fluids. Later on, many authors have been indicated that the nanofluids enhanced thermo-physical characteristics and heat transfer behaviors compared to the base fluids. Eastman et al. (2001) proved that the thermal conductivity enhanced 40% when copper nanoparticles with the volume fraction less than 1% are added to the ethylene glycol or oil. The natural convection heat transfer of nanofluids in an enclosure under various physical constraints was investigated numerically by Khanafer et al. (2003) . Their results indicated that the Nusselt number increases with an increase in the particle volume fraction. Khaled and Vafai (2005) discussed the dispersion effects to enhance the heat transfer inside the channel. The results showed that the super nanofluids or super dispersive media generate by controlling the thermal dispersion properties inside the fluid. The thermal performance of a nanofluid based cylindrical heat pipe was analyzed by Shafahi et al. (2010) . They found that the smallest particles have a more pronounced influence on the heat transfer behavior along the heat pipe. The flow and heat transfer characteristics of a nanofluid within a thin film over an unsteady stretching surface was performed by Ahmadi et al. (2014) . Their results revealed that the heat transfer rate is an increasing function of the solid volume fraction of the nanofluid whereas the opposite trend is observed for the friction factor. Selimefendigil and Oztop (2014) investigated the MHD mixed convection in a Cu-water nanofluid filled triangular cavity with an inner rotating cylinder. Their results indicated that the entropy generation and heat transfer rates enhance with a rise of the nanoparticle volume fraction. Free convection in a square porous cavity with isothermal vertical walls and adiabatic horizontal ones filled with a water-based nanofluid was investigated by Sheremet et al. (2014) . Their results indicated that the average Nusselt number has a direct relationship with Rayleigh number while it has a reverse relationship with the porosity of the porous medium. The effect of thermal radiation on the unsteady squeezing flow and heat transfer of MHD nanofluid between the infinite parallel plates was analytically studied by . Their results showed the temperature profile and Nusselt number are an increasing function of the radiation parameter. Recently, Afify and Abd El-Aziz (2017) analyzed the flow and heat transfer characteristics of a non-Newtonian power-law nanofluid over a stretching surface in the presence of a convective boundary condition and variable viscosity. They concluded that the friction factor and the heat transfer rate are an increasing function of Biot number.
The impact of thermal radiation on the heat transfer processes is a significant factor in the design of many renewable energy conversion systems operating at high temperature. Thus, the influence of thermal radiation on flow and heat transfer of nanofluids past different geometry surfaces have been reported by several researchers. The effect of thermal radiation and viscous dissipation on MHD mixed convection flow over a non-linear stretching and shrinking sheet in nanofluids was analyzed by Pal et al. (2013) . Their results indicated that Skin-friction coefficient is an increasing function of Eckert number, whereas the opposite trend is seen for the values of Nusselt number. Sheikholeslami et al. (2016) numerically studied the combined effects of viscous dissipation and thermal radiation on MHD nanofluid flow and heat transfer in an enclosure. They concluded that the heat transfer rate enhances with an increase of the Rayleigh number, volume fraction of nanoparticle and radiation parameter while it diminishes with the increase of viscous dissipation parameter and Hartman number. Abbas et al. (2016) discussed the MHD boundary-layer flow of a nanofluid over a curved stretching sheet coiled in a circle of radius R in the presence of heat generation and thermal radiation. They found that the heat transfer rate is an increasing function of radiation parameter and heat generation while it is a decreasing function of magnetic parameter and the solid volume fraction. The influence of thermal radiation, variable thermal conductivity, and slip boundary conditions on an unsteady MHD flow and heat transfer of nanofluids in a solar collector as a nonlinearly stretching sheet was numerically analyzed by Afzal and Aziz (2016) . They concluded that the Cu-water based nanofluid is better thermal conductor than
23
Al O -water based nanofluid for solar collectors. The effects of thermal radiation and carbon nanotubes in Marangoni convection flow of viscous fluid were analytically investigated by Hayat et al. (2017) . Their results indicated that the Nusselt number enhances with an increase in the particle volume fraction and radiation parameter.
Solar collectors are a private type of heat exchangers that transform solar energy to thermal energy. Nanoparticles play a vital role in solar energy devices which improve the thermal conductivity and optical properties of the base liquid, as described in (Taylor et al. 2011; Said et al. 2013; Rahman et al. 2014) . The heat transfer performance of
Al O -water nanofluid for the flat-plate solar collector was numerically investigated by Tora and Moustafa (2013) . The results revealed that the efficiency of the collector and the thermal conductivity of the nanofluid improve with greater particle sizes. The influence of Cu-synthesized/ethylene glycol nanofluid on the efficiency of a flat-plate solar collector was experimentally examined by Zamzamian et al. (2014) . Their results showed that the collector performance boost by increasing the concentration of nanofluid. Gupta et al. (2015) investigated experimentally the influences of various concentrations of 23 Al O -water nanofluid on the efficiency in the direct absorption solar collector. The results demonstrated that the collector efficiency maximizes at 0.005 vol % and minimizes at 0.001 vol % volume fraction. The performance of a symmetric square flat-plate solar collector utilizing water and a SiO2/water nanofluid with a mass fraction of 1% as working fluids was experimentally studied by Noghrehabadi et al. (2016) . The results showed that the SiO2/water nanofluid enhanced the thermal efficiency and temperature performance compared with pure water. The impact of particle size, concentration and flow rate on the performance of solar collector was experimentally performed by Said et al. (2016) . Their results confirmed that 13 nm 23 Al O nanofluid enhanced the thermal conductivity and efficiency compared with 20 nm Al2O3 nanofluid and water.
To the best of the author's knowledge, this work has not been previously studied in the scientific research. The objective of the present paper is to investigate the flow and heat transfer characteristics of water based nanofluids 23 Al O -water, and 2 TiO -water) past a static or a moving wedge. The influences of sundry parameters on the velocity and temperature fields are discussed and graphically illustrated. The friction factor and the heat transfer rate are also presented and demonstrated in details. The conclusions in the present work elucidated that the flow field and heat transfer characteristics of nanofluids are distinctly affected by the thermal radiation, viscous dissipation and non-uniform heat source/sink in the presence of nanoparticles embedded in a viscous fluid. The results of the present work may serve as a complement to the previous studies and provide useful information for many branches of engineering applications, applied physics and industry such as solar collectors, drying processes, heat exchangers, solar heating, solar photovoltaic cells, solar thermal electricity, solar architecture, artificial photosynthesis, industrial cooling applications and nuclear reactors.
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, xy cartesian coordinates (m). 
Greek symbols
nf  thermal diffusivity of nanofluid (m 2 s -1 ). f  density of base fluid (water) (kg m -3 ). nf  density of nanofluid (kg m -3 ). f  dynamic viscosity of water (kg m s -1 ). nf  dynamic viscosity of nanofluid (kg m s -1 ). 0  Stefen Boltzman constant (W m -2 K -4 ). f 
Superscript
' prime denotes the derivative with respect to  .
Mathematical formulation
Consider the steady two-dimensional boundary layer flow of a viscous and incompressible fluid past a static or a moving wedge in a water-based nanofluid containing three different types of nanoparticles: Cu,
23
Al O , and 2
TiO . The nanoparticles are assumed scattering as well as absorbing the thermal radiation. The thermo-physical properties of the nanofluids are given in Table 1 , Abu-Nada, 2008, Afify and Bazid, 2014) . The x-axis is measured along the surface of a wedge, and y-axis normal to it, as shown in Fig   corresponds to a static wedge. Under the boundary layer approximations the governing equations can be expressed as (Yacob et al., 2011 , Salem et al., 2014 :
the boundary conditions can be written as:
(ii) Moving wedge
where the constant, b depends on the thermal properties of the liquid. The density, heat capacity, thermal diffusivity of the nanofluid, the coefficient of viscosity and the effective thermal conductivity are defined as (Oztop and Abu-Nada, 2008; Abbasi et al., 2015 , Afzal and Aziz, 2016 , Thumma, et al., 2017 :
Here, f k is the thermal conductivity of the base fluid, s k is the thermal conductivity of the solid,  is the nanoparticle volume fraction, f  is the reference density of the fluid fraction, s  is the reference density of the solid fraction and f μ is the viscosity of the fluid fraction, u and v are the velocity components along the x-and y-axes respectively. Following Rosseland approximation, the radiative heat flux, r q is modeled as (Brewster, 1972 , Lin et al., 2014 :
Where, 0  is the Stefan-Boltzmann constant and, K the mean absorption coefficient, respectively. If temperature differences within the flow are sufficiently small such that,
4
T may be expressed as a linear function of the temperature, then the Taylor series expansion for 4 T about T  after neglecting higher order terms, then one can write
The non-uniform heat source/sink, q is suggested as (Mabood et al., 2016) : 
The transformed boundary conditions can be expressed as:
The quantities of physical interest in this problem are the local skin friction coefficient f C and the local Nusselt number 
The dimensionless form of skin friction (friction factor), and the local Nusselt number (heat transfer rate) become:
Numerical procedure
The nonlinear differential equations (11) and (12) along with the boundary conditions (13 a) and (13 b) from a two point boundary value problem (BVP) are solved using shooting method, by converting into an initial value problem (IVP). In this method, the system of Eqs. (11) and (12)is converted into the set of following first-order system
with the boundary conditions, Runge-Kutta integration scheme is applied to obtain the solutions of (18) Salem et al., 2014 , Afify and Bazid, 2014 , the value of the Prandtl number Pr is defined as 6.2 for water. In order to assess the accuracy of the numerical procedure, the numerical results for the shear stress,   (0) f  are validated versus published paper (Yacob, et al., 2011) for various values of m and  in the absence of the energy equation. The comparison is listed in Table 2 , and found in excellent agreement.
Results and discussions
The steady two-dimensional Falkner-Skan flow and heat transfer characteristics past a non-isothermal wedge embedded in nanofluid was numerically discussed. TiO -water and,
23
Al O -water nanofluids compared to, Cu-water nanofluid. TiO . These results are consistent with those reported by Rahman et al. (2014) . It is also noticed from Table 6 that the friction factor and the rate of heat transfer of Cu-water nanofluid have the highest skin friction coefficient and the heat transfer rate at the surface compared with TiO nanoparticles. These results are identical to those reported by (Yacob, et al., 2011) . Figs. 2-10 , are drawn in order to see the influences of the aforesaid parameters on the velocity and temperature fields in the steady two-dimensional boundary layer flow of Cu-water Fig. 2 , that the velocity distribution increases with an increment in the values of, m whereas the opposite trend is noticed from Fig. 3 on the temperature distribution in both cases of regular fluid and nanofluid.
Further, it is remarkable that the velocity field enhances with an increase in,  . It is also observed that the temperature distribution and thermal boundary layer thickness enhance with an increment in,  . The impact of,  on the velocity and temperature distributions in the case of a static wedge is illustrated in Figs. 4 and 5. It is seen from figures that both the velocity and temperature distributions are an increasing function of  . Physically, increasing,  leads to enhance the thermal conductivity within the boundary layer regime, which causes an enhancement the temperature and the corresponding thermal boundary layer thickness. Further, nanoparticles possess various physical and chemical properties such as large specific surface area, ease of suspension, small sizes, radiative and optical properties which in turn optimize the spectral absorption of solar energy within the conventional heat transfer liquids. This agrees with the fact that both the friction factor and the heat transfer rate at the surface of a wedge enhance with an increase in,  as reported in Tables 3 and 5 . The effect of, Nr on the temperature field is displayed in Fig. 6 , for both cases of a static and moving wedge. It is seen that the temperature field and thermal boundary layer thickness increase with an increase Nr in both cases. This is due to the fact that the nanoparticles significantly improve the radiative properties of liquids. Raising in, Nr augments the heat flux from the wedge which causes an enhancement the temperature of fluid. This agrees with the fact that the heat transfer rate at the surface of a wedge boosts with a rise in, Nr as provided in Table 5 . It is noteworthy that the temperature of fluid is higher in the case of a moving wedge with increasing Nr , than that in the case of static wedge. is lower than the temperature of the Cu-water nanofluid. This is attributable to the fact that, suspended nanoparticles in traditional heat transfer fluids lead to enhance its thermal conductivity. The impacts of the Eckert number on the temperature field in both cases of regular fluid,   =0  and Cu-water nanofluid for a static and a moving wedge are plotted in Figs. 9 and 10. It is found from these figures that the temperature distribution enhances with an increment in, Ec for both cases. Physically, Eckert number is the ratio of kinetic energy to enthalpy. Therefore, an increase in Eckert number causes an increase in thermal energy which in turn enhance the temperature and thermal boundary layer thickness of nanofluid. This agrees with the fact that the heat transfer rate at the surface of a wedge is reduced with an increase in, Ec as reported in Table 5 . It is also remarkable that the temperature in the case of the, Cu-water nanofluid is more pronounced than that of the regular fluid,   Al O -water are higher than the temperature of Cu -water. These results agree with the data which are tabulated in Table 6 . 
Concluding remarks
The steady two-dimensional boundary layer flow and heat transfer of nanofluids over a static or a moving wedge in the presence of non-uniform heat source (or sink), viscous dissipation, and thermal radiation effects were numerically and theoretically investigated. Three different types of nanoparticles, namely Copper, Cu Alumina,
23
Al O and, Titania,
2
TiO were taken into account by using water as a base fluid with Prandtl number, Pr = 6.2. The governing equations were reduced to a system of ordinary differential equations and then the equations were solved. The computational results were analyzed and presented through graphs and tables. The major outcomes are summarized as follows: 1-The present paper is confirmed that the nanoparticles embedded in viscous fluid obviously enhanced the heat transfer rate.
2-The heat transfer rate is depreciated with an increase in, Ec , * * and A B whereas the opposite influence is noticed with an increase in, Nr . 3-The friction factor is significantly promoted with an increase in  and m whereas the reverse effect is observed for, ( 0 λ  and 0 λ  ).
4-The friction factor is insensitive to change with an increase in, 
